Abstract
Background
It is well known that adverse reactions to foods are frequently reported and often have a negative impact on quality of life [1, 2] . In a recent food allergy review in Europe, self-reported food hypersensitivity in adults ranged from 3.5 to 20% with the lowest prevalence occurring in Eastern Europe and the highest in northern Europe [3] . An epidemiological study in the general population in Berlin showed that 35% reported symptoms, while only 3.6% were diagnosed with IgE-mediated food allergy [4] . In another recent Nordic study in the adult population, the prevalence of self-reported symptoms was 21% [5] , while data from the Netherlands showed that the prevalence of self-reported symptoms varied between 39 and 54% [6] . Additionally, in northern China the prevalence of self-reported food allergy was estimated at 18% [7] . The prevalence of food hypersensitivity or adverse reactions to foods seems to be increasing among both adults and children even if long-term data is elusive [3, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Data from these studies have been mainly provided by questionnaires to participants with suspected food intolerance with complementary sIgE tests, and by meta-analyses from epidemiological studies of food hypersensitivity. We have previously shown that adverse reactions to foods are associated with asthma [20] , but it is unclear which foods cause most reactions and which organs are mostly affected in the Swedish population.
IgE reactivity is necessary but not sufficient to explain IgE-mediated allergy since underlying non-IgE mediated mechanism may account for a large proportion of the total number of food allergies [4] . The "golden standard" used to verify a food allergy is a double-blind, placebo-controlled food challenge (DBPCFC) [9, 21] . This is an expensive, time-consuming test and the patient may be at risk for anaphylactic reaction during the challenge. Other methods to diagnose food allergy include reports from self-experienced food allergy, which generally tend to overestimate the prevalence [3, 13, 22, 23] , skin prick tests and specific IgE-tests. By combining the methods mentioned above, a better estimation of the true prevalence of food allergy can be achieved.
Recently, a newly discovered form of food allergy to mammalian (red) meat has been reported, which is clinically manifested by delayed allergic or anaphylactic reactions hours after the ingestion of red meat [24] . However, the data concerning the prevalence of allergy to red meat are still scarce.
The aims of this study were to:
• Assess the current prevalence of food hypersensitivity to different foods in western Sweden.
• Assess the prevalence of IgE-sensitisation to a number of common foods.
• Assess the self-reported symptoms in relation to IgEsensitisation for different foods.
• Assess the distribution and type of symptoms for different foods between different organ systems.
Methods
A postal questionnaire containing the Swedish OLIN and the international GA2LEN-questionnaires, described in detail before [25] , was mailed to 30,000 randomly selected subjects, aged 16-75, living in the county of Västra Götaland, Sweden in 2008; 15,000 subjects in the urban area of Gothenburg and 15,000 in the remaining region. The response rate was 62%. A nonresponse study performed showed no differences in prevalence of symptoms or disease between responders and non-responders [26] . Out of the 18,087 responders, 2000 were randomly selected for clinical examination and interviews. Out of the 2000 invited subjects, 1172 participated in the clinical examinations and were given a second questionnaire with detailed questions on food hypersensitivity as well as other hypersensitivity symptoms, described in detail there [20] . Subjects who completed this questionnaire were included in the analyses, 1042 subjects in total. Some of the participants were on ongoing or intermittent medication for asthma, seasonal or other allergies. Further details concerning medication were not assessed in the present study. The demographic data for sex and age distribution are presented in Table 1 . A flow chart of the study set up is presented in Fig. 1 . Blood samples for analysing the IgE-sensitisation profile of two ImmunoCAP allergen panels were collected; fx1 (peanut, hazel nut, brazil nut, almond, coconut) and fx5 (egg white, milk, fish, wheat, peanut, soy bean) and t3 (birch pollen) (Thermo Fischer Scientific, Uppsala, Sweden). All positive samples to a panel (> 0.35 kUA/l) were further analysed for each individual allergen included in that panel, according to the manufacturer's instructions. Values > 0.35 kUA/l for the individual allergen indicated clinical IgE-sensitisation. The foods included in panels fx1 and fx5 were characterized as "common foods" since they comprise of some of the most frequent foods consumed on a daily basis in Sweden and other Western countries. Coconut was included in the IgE sensitisation tests but was not part of the questionnaire. Therefore it was not included in the calculations. This means that tests for IgE-sensitisation were determined for the above mentioned 9 out of the 56 foods included in the questionnaire. The combination of IgE-sensitisation and self-reported symptoms are referred to as "symptoms and IgE" in this study and may be used to estimate probable IgE-mediated food allergy for these 9 foods. For the remaining 47 foods, data indicating food hypersensitivity were available only from self-reported symptoms. For examining any correlation between self-reported symptoms and IgE-sensitisation, analyses for sex and age, and four different age groups were applied; 17-30; 31-45; 46-60; > 60 years of age. 
Data collection procedures
In order to estimate the prevalence of hypersensitivity to milk excluding lactose intolerance, complementary encoded fields for milk, sour milk and cheese were added. Participants with suspected lactose intolerance were excluded if they were stating the most relevant clinical symptoms for lactose intolerance, such as abdominal pain, flatulence, diarrhoea/loose stools or any other lactose intolerance symptom specified in the free text field. Likewise, participants with suspected gluten intolerance were excluded if they were most commonly stating relevant clinical symptoms, such as diarrhoea/loose stools, feeling of illness or tiredness, but also even abdominal pain, flatulence, hives or rashes, or any other gluten intolerance symptom specified in the free text field for wheat flour or any other flour. All responses from the food hypersensitivity questionnaire, regarding reactions to different foods, were encoded for the different symptoms according to Table 2 , as described before [20] .
Statistics
The statistical analyses were performed using SPSS 22.0.
Chi-squared test was used to compare the prevalence of adverse food reactions and IgE-sensitisation between groups, p values were calculated using Fisher's two tailed exact test, and p values < 0.05 were considered statistically significant. Comparisons between reported symptoms and positive IgE-sensitisation were performed using the kappa-coefficient and were interpreted using the following definitions: below 0.2 slight or poor agreement; 0.21-0.4 fair agreement; 0.41-0.6 moderate agreement; 0.61-0.8 substantial agreement and 0.81-1 almost perfect agreement [27] .
Results

Prevalence of self-reported food hypersensitivity in adults in the general population in Sweden
The prevalence of self-reported food hypersensitivity to any of the 56 foods in the questionnaire was 32.5% (95% CI 29.6-35.4) and was more frequent among women in comparison to men (39.1% vs. 24.1%, p < 0.001). Adults over 60 years of age reported the least hypersensitivity, and even less in those over 70. The foods most frequently reported to cause hypersensitivity reactions were hazelnut (8.9%), followed by apple (8.4%), milk (7.4%) and kiwi (7.3%). When excluding patients with suspected lactose intolerance symptoms, the prevalence of self-reported milk hypersensitivity was estimated to 1.1%. When excluding patients with suspected gluten intolerance symptoms, the prevalence of self-reported adverse reactions to wheat was estimated to 0.1%, compared to 1.6% including gluten intolerance related symptoms. Hypersensitivity reactions to red meat were reported by 0.9% of participants, out of which pork accounted for 0.6% and beef for 0.4%. Details concerning self-reported symptoms from the different foods are presented in Table 3 .
Prevalence of IgE sensitisation alone and in combination with self-reported symptoms to the most common foods
Sixteen per cent of the subjects (95% CI 13.8-18.3) were IgE-sensitised to any of the 9 common foods, most often to hazelnut (13.3%) and peanut (4.9%). Subjects under 46 years of age were IgE-sensitised more often than older subjects. In addition, 5.9% (95% CI 4.5-7.4) were both IgE-sensitised and reported symptoms for any of the tested foods, most often to hazelnut (5.3%, 59.6% of those reporting symptoms from hazelnut). It is worth mentioning that 14.6% of the subjects were IgE-sensitised to birch pollen, one of the most common aeroallergens in the Swedish population. None of the subjects who reported symptoms from fish, soy or wheat was at the same time IgE-sensitised to these foods. Details are presented in Table 4 . The correlation between self-reported symptoms and IgE-sensitisation for hazelnut was moderate (0.45), for almond was weak (0.22), whereas for the other foods it was poor, see also Fig. 2 .
Prevalence of reported symptoms from different organ systems
The subjects reported more often symptoms from the gastrointestinal tract (GI-tract) (15%) followed by the skin (2.7%). For the GI-tract, hazelnut was most often reported to cause symptoms (6.5%), followed by milk (6.2%, including symptoms due to suspected lactose intolerance), almond (2.7%), brazil nut (2.7%) and peanut (2.1%). Hazelnut (4.2%) was also the food that most subjects were IgE-sensitised to in the blood tests along with the reported GI-tract symptoms. Details are presented in Table 5 .
Discussion
In the present study, approximately one out of three adults (32.5%) reported hypersensitivity reactions to foods, mostly to hazelnut. Approximately one out of six were IgE-sensitised, mostly to hazelnut, but the correlation between self-reported symptoms and IgE-sensitisation was generally poor, except for hazelnut where it was moderate and for almond where it was fair. Most participants reported symptoms from the GI-tract. Approximately 6% of adults reported food-related symptoms and were also IgE-sensitised to any of these nine common foods, indicating food allergy. Less than 1% of reported symptoms arose from ingestion of red meat. IgE-sensitisation and reports for food hypersensitivity declined with increasing age. In the present study, the prevalence of self-reported food hypersensitivity for the different foods, IgE-sensitisation and combination of both for the most common foods are in line or slightly higher than previous studies [3-5, 23, 28] . In those studies, the prevalence of IgE-sensitisation was 4-16%, while the prevalence of the combination of IgE-sensitisation and self-reported symptoms, indicating IgE-mediated food allergy, were 2.2-3%. It was only Zuberbier et al. though who performed doubleblind-placebo-controlled food challenges, if food intolerance could not be ruled out by the patient history [4] .
Interestingly in the present study, the prevalence of selfreported food hypersensitivity was similar in age groups 17-30, 31-45 and 46-60, and decreased after 60 years of age. Similar results are reported recently in Georgia [29] . The same pattern was also observed when combining self-reported food-related symptoms with positive IgEtests to common foods. When looking only at the IgEsensitisation profile for the most common foods, a lower prevalence of IgE-sensitisation was noticed for the two oldest age groups (46-60 and > 60 years of age) compared to younger patients (17-30 and 31-45 years of age). This is partly in line with data from a previous review [3] , where subjects > 60 years of age in Europe reported less symptoms, but were not less IgE-sensitised compared to younger subjects. In the same review, the prevalence of self-reported symptoms combined with positive IgEtests was more or less the same for the different age groups, however the age group range was wider. In a recent Swedish study, IgE-sensitisation to specific foods decreased with increasing age when following a population over 9 years [5] . Further research is needed though to examine this issue in more detail. Seven out of ten foods that have the most often reported adverse reactions, are also related to birch pollen (almond, apple, brazil nut, hazelnut, kiwi, pear and walnut). This may be explained by the fact that sensitisation to birch pollen is common in Sweden, which is in line with the results of this study showing that 14.6% of the subjects are IgE-sensitised to birch pollen [30, 31] . Moreover, many subjects also reported adverse reactions to milk (7.4%), including subjects with suspicious lactose intolerance, which is well in accordance with the prevalence of the lactose intolerance genotype in Sweden, 6-9% [32] . Hazelnut was the food that most subjects were IgE-sensitised to, followed by peanut and almond. This is in line with previous studies [29, 33] , and may indicate that nuts (or nut-like) foods are highly IgE-sensitizing. Hazelnut was also the food with the best correlation when combining both symptoms and IgEsensitisation, followed by other birch related foods in the Swedish population. It is also interesting that among the tested subjects, no one was IgE-sensitised to fish, which is in line with the results from previous studies showing very low prevalence of fish allergy in the adult population in Sweden (< 0.3%) and in North America (< 0.6%) [34] [35] [36] .
It is well known that self-reported symptoms greatly overestimate true allergy [3, 13, 22, 23] . An example from this study is the low correlation between self-reported symptoms and IgE-sensitisation for soy, milk and wheat, and the non-existing correlation when excluding symptoms possibly caused by lactose and gluten intolerance (Fig. 2) . For these foods, the correlation was even lower than random, which could give rise to considerations for probable tolerance development with increasing age in the adult population [37] . Only hazelnut reached moderate correlation, which may be explained by the strong association to birch pollen allergy, which is very common in Sweden [38] .
The prevalence of hypersensitivity to any red meat was found to be 0.9%. Since this type of hypersensitivity reaction is relatively rare, there are very few studies examining it. Schäfer et al. found that 0.6% reported symptoms from meat in Germany [39] . The sensitisation route for this allergy includes tick-bites, where saliva from ticks may contain carbohydrate α-1,3-galactose (α-gal), which is also present in red meat. This may induce IgE antibodies to beef and/or pork meat. In the present study, more subjects reported symptoms to pork than to beef, and only one person (0.1%) reported symptoms from both. For pork, only females, and for beef only subjects aged 46-60 reported symptoms. The relatively older age could possibly be related to a higher risk of having had tick bite(s) earlier [40] . However, in this study the relation to tick bites could not be further assessed.
Many subjects also reported hypersensitivity reactions to alcohol (wine/beer, 4.6%), fried/fat food (3.7%), spices such as chili/tabasco (2.2%), potato (1.6%), curry (1%) and cereals other than wheat (0.7%), which may indicate IBS-like symptoms. It has previously been shown that subjects with IBS experience worsening of their symptoms after the consumption of spicy foods or foods rich in carbohydrates and fat [41] . In the current study, the absolute majority of reported symptoms were related to the GI-tract, which was also true for subjects having positive IgE-tests for the common foods. These results are in line with previous studies even though the reported prevalence varies greatly [42] [43] [44] .
This study has some limitations that should be taken into consideration. The participation rate in the clinical examinations was 59% and the response rate for the food questionnaire was 89%. As expected, self-reported food intolerance yields a much higher prevalence compared to the IgE-sensitisation tests. It would have been advantageous to have a more extended IgE-sensitisation tests, including tests for food allergen components, and to retrieve more specific information about lactose and gluten intolerance in the studied subjects. It would have been interesting if there was available information about how many subjects with self-reported symptoms from red meat has been exposed to tick-bites including analyses from IgE-tests to α-gal. Despite these limitations, the large number of participants in the study makes the findings reliable and fascinating, as there are very few studies to date having examined the relation between food hypersensitivity and IgE-sensitisation to the most common foods indicating food allergy in the Swedish adult population.
In conclusion, every third adult reported food hypersensitivity, indicating a tendency for a rising trend compared with previous studies. Most subjects report symptoms from the GI-tract, and IgE-sensitisation and food hypersensitivity declined with increasing age. Hazelnut was the food most often reported to cause symptoms and showed the highest correlation with a positive IgE-tests. In general a large discrepancy between IgE sensitisation and self-reported symptoms was noticed, where only 6% of the subjects that reported food-related symptoms also were IgE-sensitised to the food causing their symptoms.
